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TECHNICAL NOTE
Fluorescence assay for picomole quantities of ammonia
EDMUND A. MROZ, RICHARD J. ROMAN, and CLAUDE LECHENE
Department of Physiology, Laboratory of Human Reproduction and Reproductive Biology and National Biotechnology Resource in Electron
Probe Microanalysis, Harvard Medical School, Boston, Massachusetts
Studies of renal physiology often require analyzing picomole
quantities of ammonia, millimolar concentrations in samples
with nanoliter or subnanoliter volumes. We report here a
microfluorescence assay for ammonia that provides this sensi-
tivity. This assay is a modification of a milliliter-scale assay
described by Taylor et al [IL in which ammonia was reacted
with o-phthalaldehyde and mercaptoethanol at a pH of 7.4 to
form a fluorescent product. Depending on the sensitivity re-
quired, our assay can be performed in final volumes of 1 to 3 ml
(to measure nanomole quantities of ammonia), 2 to 10 p.1 (to
measure picomole quantities), or as low as 1 nl (for subpicomole
amounts). Fluorescence is measured with a filter fluorometer
(milliliter final volumes) or by microfluorometry [2]. The mi-
croassay (in microliter or smaller final volumes) is performed in
aqueous droplets on siliconized glass slides under oil to prevent
evaporation. To minimize the oil solubility of the reaction
product, we have used thioglycolic acid instead of mercaptoeth-
anol in the reagent. The same reagents can be used to determine
ammonia over a millionfold range of amounts, with better
specificity for ammonia than in the assay of Taylor et a!. This
assay has been used recently to study the mechanism of
acidification of tubular fluid in the inner medullary collecting
duct [31.
Methods
Reagents. Chemicals, unless otherwise noted, were obtained
from Sigma Chemical Co., St. Louis, Missouri. The following
reagents were used: monobasic potassium phosphate, 0.2 M; 0-
phthalaldehyde stock, 0.1 g in 1.0 ml of absolute ethanol;
thioglycolic acid stock, 5 p.1 in 1.0 ml of absolute ethanol;
fluorescence reagent, 9 ml of 0.2 M phosphate buffer (pH, 7.4)
plus 0.5 ml of o-phthalaldehyde stock and 0.5 ml of thioglycolic
acid stock.
Paraffin oil. To prevent evaporation, we used light paraffin
oil (Saybolt viscosity 125/135, Fisher Scientific, Fair Lawn,
New Jersey) to cover picoliter and nanoliter samples. The oil
was first degassed, to remove traces of ammonia, by shaking it
with 1 M sodium hydroxide in a stoppered filter flask connected
to a vacuum line; it then was cleaned successively with 1 M
sodium hydroxide, deionized water, 0.02 M hydrochloric acid,
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and deionized water [4]. The cleaned oil was centrifuged for 30
mm at a maximum X lSOOg to remove excess water.
Reaction slides. Microscope slides (3 x 1 inches; VWR
Scientific, San Francisco, California) were washed in hot 10%
nitric acid for 15 mm, rinsed thoroughly with deionized water,
and dried in an oven. They were placed overnight in a humidor
along with a beaker containing a saturated solution of sodium
chloride to hydrate (relative humidity about 75%). They were
then siliconized with a 2% solution of Surfasil® (Pierce Chemi-
cal Co., Rockford, Illinois) in chloroform for 15 sec. rinsed
briefly with toluene, and dried at room temperature. They were
wiped with lens paper just before use (to abrade the silicone
slightly), placed in the bottom of a petri dish, and covered with
oil.
Pipettes. Volumetric glass micropipettes with nanoliter or
picoliter volumes were manufactured on a de Fonbrune micro-
forge and calibrated with tritiated water, as described previous-
ly [5].
Filter fluorometer. An Aminco fluorocolorimeter was used to
determine the fluorescence of milliliter volumes in 10 X 75-mm
test tubes. An Aminco J4-7112 composite excitation filter
(Corning 7-60 plus Wratten 2C, peak transmission at 405 nm)
and a Wratten 3 emission filter (passes wavelengths, above 455
nm) were used.
Microfluorometer. A Zeiss microscope-fluorometer, as de-
scribed previously [2], was used to quantitate fluorescence of
microliter and smaller volumes. Samples were contained in
capillary tubes, whose inner diameters fixed the depth of
sample from which fluorescence was measured. Pinhole dia-
phragms in the excitation and emission paths delimited the area
from which fluorescence was determined. Sets of optical filters
and dichroic mirrors selected the wavelengths for excitation
and emission. For these studies, the violet-light filter set (Zeiss
487705; excitation, 400 to 440 nm; reflector, 460 nm; emission,
above 475 nm), a 25X Planachromatic objective (numerical
aperture, 0.45), an 0.25-mm excitation diaphragm, and a 1.0-
mm emission diaphragm were used. These diaphragms with this
objective and the fixed optics of the microscope led to spots 20
p.m and 32 p.m in diameter excited and recorded from, respec-
tively.
For final volumes of 5 p.1 or greater, the Aminco fluorocolori-
meter (American Instrument Co., Silver Spring, Maryland) with
a capillary adapter [611 can be used to determine fluorescence.
This laboratory has described elsewhere [7] the conditions for
using this instrument to measure a fluorophore with excitation
and emission spectra similar to those of the fluorescent product
of the assay presented here.
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Procedure
Nanomole quantities. (1- to 3-mi final volume) Ten to 100 i1
of sample were placed in a 10 x 75-mm borosilicate glass test
tube, 1, 1.5, or 3 ml of reagent were added, and the tubes were
vortexed. Fluorescence was determined with the filter fluorom-
eter at least 45 mm after mixing.
Picomole quantities (2-pJ final volume). A volumetric micro-
pipet was used to place an array of 11- or 16-ni microdroplets of
0.2 M monobasic potassium phosphate on a siliconized slide
under oil. The pipet was positioned, under stereomicroscopic
observation, with a de Fonbrune micromanipulator. A 1- or 3-nl
portion of a sample was added to one of these microdroplets.
Adding samples to the acid phosphate solution ensured that the
ammonia was kept in the protônated, non-oil-soluble state while
dozens of samples were being prepared. Two microliters of
fluorescence reagent were then added with a Pipetman P-20
pipette (Rainin Instruments, Woburn, Massachusetts) onto the
microdroplet under the oil. One end of a borosilicate glass
capillary tube, 0.6 mm I.D., 1.0 mm O.D., and 7.5-cm long
(Friedrich and Dimmock, Inc., Millville, New Jersey), was
brought through the oil to the aqueous drop of reagent and
sample. One to two microliters of oil, followed by the aqueous
drop, entered the tube through capillary action. To ensure
mixing, we expelled the aqueous drop back onto the slide, and
we then allowed the drop to reenter the capillary. One to two
microliters of oil was taken up behind the aqueous drop to
prevent evaporation, A separate capillary was used for each
aqueous drop. Fluorescence was determined with the micro-
fluorometer at least 45 mm after mixing reagent and sample. To
ensure reproducible readings, we focused the microscope in
transmitted light on the middle of the leading oil/water meniscus
in each capillary; moved the capillary, with the microscope
stage, along its axis so that the excitation spot was 150 p.m into
the aqueous phase from the meniscus (as judged with an
eyepiece micrometer); lowered the stage 100 p.m (to obtain
maximum fluorescence); and recorded the fluorescence emis-
sion.
Subpicomole quantities (1- to 4-ni final volume). A volumet-
ric micropipette was used to place 1.0- to 3.8-ni drops of reagent
on a siliconized slide under oil. Within 30 mm, 20- to IOO-pl
samples were added to the reagent droplets. (Because only
about 15 samples could be assayed at a time, the precaution of
first adding samples to phosphate buffer was unnecessary.) The
droplets were then aspirated sequentially, interspersed with oil
droplets, into a single siliconized capillary of appropriate inner
diameter (50 to 150 p.m). The capillary was then fixed under the
microscope's objective, and the microscope focused on the
inner edge of the capillary. The thickness of the capillary and
the images of the excitation and emission diaphragms thus
defined optically a "virtual cuvette" 2] within the capillary.
Under pneumatic control, droplets were pulled one by one
through the capillary to this "virtual cuvette," so that all
droplets had fluorescence determined under identical optical
conditions. Fluorescence was determined at least 45 mm after
mixing reagent and sample.
Results and discussion
In 3-mi final volumes the assay was linear from 1 to 100
nmoles of ammonia. (The upper range of linearity could be
Table 1. Specificity of ammonia assay
Compound Fluorescence above reagent blank
100 0.9Ammonium chloride
Urea 0.1 0.2
Alanine 0.2 0.3
Lysine 0.3 0.3
Guanidine hydrochloride 0.3 0.1
Glutamine 0.5 0.2
Ethanolamine 0.8 1.4
Reagent (1.5 ml) was added to 20 nmoles of each compound (l0-1.d
sample volume) in a 10 x 75-mm test tube, and fluorescence determined
after 45 mm. Fluorescence is relative to reaction product with 20
nmoles of ammonia (100 U), so of triplicate determinations.
extended at least fourfold by measuring absorbance of the
fluorophore at 420 nm instead of measuring fluorescence.)
Using thioglycolic acid instead of the mercaptoethanol used by
Taylor et al [11 gave a better specificity for ammonia than
reported by these authors and a reaction product with lower oil
solubility. Table I shows that several compounds reported to
lead to fluorescence 6 to 10% as intense as ammonia on a molar
basis under the conditions used by Taylor et al [1] gave
negligible fluorescence in the present assay. It was important to
use freshly prepared stock solutions for such specificity studies.
In one experiment, a stock solution of urea kept at room
temperature for 2 months showed fluorescence equivalent to
3% ammonia on a molar basis, whereas a freshly prepared urea
solution assayed with the same batch of reagent showed less
than 0.1% relative fluorescence.
With a final volume of 2 p.1 (Fig. 1), the assay was linear at
least up to 200 pmoles of ammonia (1-ni sample of 200 mM); as
little as 1.5 pmoles of ammonia (3-ni sample of 0.5 mM) was
detected in samples of rat tubular fluid and urine. Urea gave
less than 0.2% fluorescence on a molar basis and did not
interfere with the determination of ammonia. Recovery of
ammonia added to human urine was 105% 4% (Table 2). The
coefficient of variation, estimated from 40 determinations on 20
mM ammonium chloride in this assay, was 8.1%. The coefficient
of variation for 116 samples of rat tubular fluid and urine each
determined in triplicate averaged 10.8%. This assay for pico-
mole quantities is thus adequate for most studies of renal
physiology.
If greater sensitivity is required, the fluorescence assay can
be performed in nanoliter final volumes, allowing measurement
of subpicomole quantities of ammonia (Fig. 2). In a final volume
of 1.3 ni, 0.13 pmoles of ammonia gave fluorescence three to
five times that of the reagent blank. Precision at the nanoliter
scale varied with the specific volumes of reagent and amounts
of ammonia used. For example, 2 pmoles of ammonia in a final
volume of 4 nI were determined with a coefficient of variation of
5%; 0.3 pmoles in a final volume of 1.3 nI had a coefficient of
variation of 12%.
Working under oil is required to prevent evaporation of
nanoliter and picoliter samples. Working under oil, however,
could conceivably lead to problems in losing ammonia, reagent,
or reaction product from the aqueous droplets into the oil. We
performed several tests to determine if loss of ammonia from
samples would pose problems. Droplets of solutions containing
different concentrations of ammonia were placed under oil, 3-ni
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Fig. 1. Standard curve for ammonia assay performed in a final volume
of 2 p,l on samples of I nl. Fluorescent droplets were taken into
individual capillaries (see text). Fluorescence, measured 45 mm after
mixing sample and reagent, is expressed in arbitrary units. Each point is
the mean of duplicate determinations. Fluorescence at zero ammonia is
that of the reagent blank. The line is the least squares linear regression
line.
.
Original
ammonia
.Ammonia
added
Total ammonia
Predicted MeasuredM mM mM mM
32 20 52 54
60 20 80 86
32 50 82 83
60 50 110 104
32 100 132 163
23 110 133 118
60 100 160 184
Mean predicted/measured = 1.05 (sEM) 0.04
Each measured value is the mean of triplicate determinations on I-
ni portions of human urine.
portions from each droplet were assayed at different times after
the droplet was placed under the oil, and fluorescence was
compared with that from assaying standard ammonium chloride
prepared at the time of each assay. There was no detectable loss
of 20 m ammonia from 100-ni droplets of 0.2 M phosphate
buffer during 4 hr at either a pH of 7.4 or 6.4. Even at a pH of
10.3, where more than 90% of the ammonia is uncharged, the
ammonia concentration of a 100-ni droplet (20 mM ammonium
chloride in 0.2 M sodium phosphate) decreased by only 25%
after 4 hr under oil at room temperature. Three 40-ni samples of
unbuffered human urine (40 m ammonia) lost an insignificant
4% of their ammonia concentration during 18 hr at room
temperature (41.9 3.1 versus 43.5 5.4 fluorescence Units).
In the assay for picomole quantities of ammonia, adding
samples to droplets of monobasic potassium phosphate before
1.0
Ammonia, pmo/es
Fig. 2. Standard curve for ammonia assay performed in a final volume
of 1.3 nI on samples of 130 p1. All fluorescent droplets were taken into
the same capillary for measurement 121. Fluorescence, measured 45 mm
after mixing sample and reagent, is expressed in arbitrary Units. Each
point is the mean of duplicate determinations. Fluorescence at zero
ammonia is that of the reagent blank. The line is the least-squares linear
regression line.
adding reagent minimized possible problems due to loss of
ammonia or of reagent into the oil during extended periods of
time. Arrays of these droplets could be prepared in advance,
portions of samples added to the droplets to preserve the
ammonia, and reagent added later after all micromanipulations
were completed. Because each reaction droplet was taken up
into a capillary immediately after reagent was added, the
reagent was only under oil for a few seconds. In this way,
dozens of samples could be processed reliably at a time. In the
subpicomole assay, loss of the slightly oil-soluble o-phthalalde-
hyde did not pose a problem, provided samples were added to
the reagent droplets within 30 mm of placing the reagent
droplets under oil. Of several thiols tested, thioglycolic acid
gave the reaction product with the lowest oil/water partition
coefficient (data not shown).
The fluorometric assay, when performed in a final volume of
2 p-I, provides sensitivity at least equal to that attainable with a
recently reported radioenzymatic assay [8]. The radioenzymat-
Ic assay involves, however, applying each sample to an ion
exchange column, eluting the column, and performing liquid
scintillation counting on several fractions of each eluate, mak-
ing the radioenzymatic assay more cumbersome than the
straightforward fluorescence assay reported here. When the
fluorescence assay is performed in nanoliter final volumes, it
affords two to three orders of magnitude greater sensitivity than
the radioenzymatic assay.
If final volumes of 5 to 10 p.l are used, the Aminco fluorocolo-
rimeter with its capillary holder can be used to determine
fluorescence. Because the same reagent can be used in final
volumes from nanoliters to milliliters, simply choosing the size
of the capillary to match the final volume readily adapts this
fluorometric assay to accommodate different sample volumes
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Table 2. Recovery of ammonia added to urine'
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or ammonia concentrations. The simplicity of the fluorometric 2. MROZ EA, LECHENE C: Fluorescence analysis of picoliter samples.
assay and its wide range of final volumes make it a useful assay Anal Biochem 102:90—96, 1980
for ammonia in microphysiologic studies [3] 3. GRABER ML, BENGELE HH, CAFLISCH CR, MROZ E, LECFtENE C,ALEXANDER EA: Acute metabolic acidosis augments collecting duct
acidification rate in the rat. Am J Physiol, in press, 1982
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